Background. In intensive care units (ICUs), a patient's vital functions may be maintained, regardless of the patient's chances of survival. A key issue is how to precisely determine the moment in which life-support treatment should be withheld. In many countries, the decision-making process is regulated by the guidelines of scientific societies. However, heuristic errors may influence this process.
Introduction
The treatment of patients in the end of life (EOL) period is now an integral component of critical care, with positive results of life-sustaining treatments leading to the widespread implementation of new methods in clinical practice in intensive care units (ICUs). It is now technologically possible to support the functions of individual organs and systems, without having to justify a patient's chances of survival. A key issue facing intensive care physicians is how to precisely determine the moment in which life-support treatment should be withheld.
Many studies have been published to date on this topic, using different methods and materials. These include studies conducted in France, Spain, the US, the UK, Sweden, Norway, and Denmark. [1] [2] [3] [4] [5] [6] [7] One of the largest studies in Europe was based on 127,484 patients admitted to 127 ICUs in England, Wales and Northern Ireland, and concluded that the EOL issues are common in clinical practice. 8 In many countries, withholding treatment is formally regulated by the guidelines of national scientific societies. 5 Many of these guidelines recommend noting the decision to withhold treatment in the patient's medical records, sometimes using specially designed "do not resuscitate" (DNR) order forms. 5 In some cases, the selection of treatment and subsequent escalation of the treatment in the face of imminent death can be out of proportion and unnecessary in view of a patient's clinical status. Heuristic errors in medical judgment regarding the withdrawal or withholding of treatment may stem from subjective decisions by the physician, the physician's experience and underestimation of important factors that can influence the physician's judgment, such as clinical status of the patient, accompanying diseases and prognosis for outcome. 9 Such errors can also be the result of the physician basing the prognosis on other cases in the literature or clinical practice that bear only a partial similarity to the clinical condition of the patient. 9 These factors can influence decision-making regarding treatment. 10 The aim of this study was to assess factors involved in decision-making regarding withholding or withdrawing treatment in Polish ICUs.
For the purpose of this study "withholding" was defined as a situation when therapeutic team refrains from administering new forms of treatment. The term "withdrawing" was used to describe the situation when some medical procedures or drugs were terminated despite having been administrated earlier.
Methods
After obtaining the approval of the bioethics committee of Wroclaw Medical University (No. KB-470/2013), the medical records of 1,449 patients treated in 3 clinical ICUs of general, cardiosurgical and neurosurgical profile between January 1, 2014 and December 31, 2014 were retrospectively analyzed. A detailed analysis was performed regarding the last 48 h of treatment for all 226 patients who died in the ICU. There were patients who underwent surgical procedures amongst the analyzed subjects. Patients with a diagnosis of brain death were finally excluded from the study.
The treatments administered in the last 48 h prior to a patient's death were analyzed. When the treatment period was shorter than 48 h, the first measurement was designated as the first measurement taken at the fixed time for recording the data. Data on the patients' characteristics and existence of DNR orders was recorded. Data on each patient's mean arterial blood pressure (MAP), catecholamine dose, serum concentrations of sodium and potassium, resuscitation, and arterial blood gas (ABG) testing at 6-hour intervals was also recorded. Analysis was performed depending on the time spent in the ICU: (1) more than 48 h, (2) 24 h or less, and (3) less than 12 h.
Catecholamine treatment
A noradrenaline, administered intravenously, was most commonly used to maintain perfusion. To evaluate trends, the dose administered was expressed in μg/kg body weight/h. The collected data in the analyzed time points was compared as median of catecholamine doses and MAP. The mutual relations between such values gave the possibility to create trends of MAP and catecholamine dose, which were classified as positive, negative, zero, or zero constant. Table 1 shows examples of trends at 48 h. Values of MAP were calculated using the following formula: MAP = DP + 1/3 * (SP -DP), MAP -mean arterial pressure, SP -systolic pressure, DP -diastolic pressure.
Withholding was defined as no administration of catecholamine, accompanied by a negative trend of MAP value. Withdrawal was defined as a decreasing trend 
Resuscitation
A DNR record in a patient's file was taken as a proof of not performing resuscitation (i.e., withholding therapy). The latter was classified as not performing external chest compression and defibrillation after cardiac arrest, as other advanced life support elements remained in place.
Testing frequency of arterial blood gas and electrolyte concentrations
The frequency of ABG testing provides indirect evidence of the therapeutic effort undertaken by physicians. The frequency of ABG tests in the last 5 days of therapy prior to the patient's death was recorded. When the hospitalization time was shorter than 5 days, the number of tests performed daily was recorded, and relevant trends were identified. The serum concentrations of sodium and potassium ions were recorded for at least 48 h prior to the death of the patient. Concentrations exceeding normal ranges (135-145 mmol/L for sodium and 3.5-5.5 mmol/L for potassium) were recorded.
Statistical analysis
Statistical analysis was performed using STATISTICA software package (StatSoft Inc., Tulsa, USA). In the statistical method, because of the nature of the analyzed data, frequency analysis was used. The relationships between the variables were tested using the χ 2 test (Pearson). Regarding the trend analysis, changes in the hemodynamic and laboratory parameters of the patients over time were evaluated. To prevent a subjective assessment of changes in these parameters, the slope of the regression line was used as an indicator of whether a change in a trend was "positive," "negative" or "zero." This method made it possible to develop indicators of changing trends in these parameters.
Sample size calculation
Because of the insufficient number of published Polish papers in this field, the sample size of the study was not determined.
Results
In the analyzed period, 1,449 patients were hospitalized in the ICUs. Among them 226 died. Twelve cases were excluded from the study due to the diagnosis of brain death. Finally, the records of 214 patients were analyzed. There were 95 (44.40%) women and 119 (55.60%) men. The youngest patient was 19 year old and the oldest was 94. The characteristics of the analyzed patients regarding clinical diagnosis are shown in Table 2 . One hundred twenty-seven out of 214 (59.35%) patients were treated surgically, and 87 (40.65%) patients were not.
In 142/214 cases (66.35%), the length of the stay in the ICU did not exceed 7 days. In 14/214 (6.5%) cases, the hospitalization length exceeded 30 days. Two patients spent 104 and 120 days, respectively, in the ICU. The medical records of 34/214 (15.88%) patients contained a DNR order in the case of cardiac arrest.
The statistical analysis did not reveal any correlation between the centers where the treatments were administered and the frequency of withholding treatment (p = 0.784). It also revealed no association between the procedures for placing restrictions on resuscitation and the patient's age (p = 0.2584). There was a significant statistical relationship between the presence of a DNR order and the duration of stay in the ICU (p = 0.0000). In patients with duration of less than 8 days, a DNR order was present in 10 (7.04%) out of 142 cases. In those with hospitalization durations longer than 30 days, 9 (64.23%) out of 14 patients had a DNR order. The presence of a DNR order in the medical records showed a statistically significant relationship with the frequency of resuscitation procedures performed prior to the patient's death (p = 0.00). There was also a significant relationship between the presence of a DNR order and withholding noradrenaline treatment in the hours preceding a patient's death (p = 0.00). Detailed data regarding the correlations between withholding treatment and different factors was presented in Tables 3-5 . In 5/214 (2.34%) patients, the time of their hospitalization in the ICU was shorter than 12 h, so in such cases it was impossible to complete the analysis of trends in catecholamine treatment. In 209/214 (97.66%) cases included in the statistical analysis, the noradrenaline treatment doses were administered from the time of admission to the ICU to at least 2 days before death were recorded. They were recorded during a 12-hour period in 187/214 (87.38%) patients and in 137/214 (64.01%) patients during a 24-hour period. The withdrawal of noradrenaline because of a decline in MAP immediately before death was recorded in 22/187 patients who had been in the ICU for at least 24 h prior to death. The withholding of noradrenaline was recorded in 31/187 cases.
In patients with a 24-hour period of hospitalization before death, the physicians decided to cease catecholamine treatment in 24/214 (11.21%) cases due to a decline in MAP immediately preceding death, despite the previous use of noradrenaline. Furthermore, in 67/214 cases (31.3%), 1 day before the patient's death, cardiovascular support was limited to noradrenaline doses smaller than those that had been previously used due to increased hypotension. Central nervous system (CNS) damage was observed in 20/53 (37.73%) cases when catecholamine treatment had been withdrawn or withheld 24 h prior to death (p = 0.0002). This relationship between CNS damage and catecholamine limitation remained statistically significant for each available observation time (p = 0.0026 for 12 h and p = 0.0067 for 48 h). There was no correlation between the patients' ages and the withholding of catecholamine treatment (p = 0.14). There was a clear statistical relationship between the frequency of withholding noradrenaline treatment and the duration of the patient's stay in the ICU (p = 0.0013). Regardless of the length of time in the ICU, this relationship remained unchanged (p = 0.00). Among patients who were treated in the ICU for 7 days or less, noradrenaline treatment was withheld in 20/115 (17%) cases. Noradrenaline treatment was withheld in 9/14 (64%) cases where the patient remained in the ICU for more than 30 days. Catecholamine treatment was withheld from all 2/2 (100%) patients treated for over 90 days. There was no correlation between the treatment center (p = 0.78) and sex (p = 0.14) of the patient and the withholding of noradrenaline treatment.
Among the patients who remained in the ICU for 24 h prior to death, the concentration of sodium ions increased in 79/214 (36.91%) cases. In 45/214 (21.02%) cases, sodium concentrations surpassed the upper limit of 145 mmol/L. In 113/214 (52.80%) patients, an increased serum level of potassium was noted. In 46/214 (21.49%) cases, the serum level of potassium exceeded 5.5 mmol/L.
A decreasing frequency of ABG testing was recorded in 55/214 (25.70%) patients. Among these patients, noradrenaline treatment was withheld in 23 (10.74%) cases. There was no correlation between a decrease in the number of ABG tests and the age of the patient who died (p = 0.6). However, there was a relationship between a lower frequency of ABG tests and the length of stay in the ICU (p = 0.0089). A lower frequency of testing was found in half of the cases where hospitalization exceeded 30 days.
Discussion
More than 50% of all deaths in the ICU are preceded by some sort of limit placed on treatment. 4, 11, 12 A survey of the attitudes of physicians in Poland to withholding treatment showed that these attitudes were reflected in actions taken in ICUs, although documentation on withholding treatment in medical records is very limited. 13 According to the survey, during the course of their professional careers, 93% of Polish anesthesiologists admitted not having administered new medications to a patient in the ICU -intensive care unit; DNR -"do not resuscitate"; ABG -arterial blood gas.
DNR -"do not resuscitate"; ABG -arterial blood gas.
EOL stage. Withdrawal was less common but mentioned by 75% of anesthesiologists. Similar results were obtained in a European study, in which 93% and 77% of ICU doctors mentioned withholding and withdrawing treatment, respectively. 13 In cases of patients who died in the ICU, the prevalence of withholding catecholamine treatment was 24.76% and the prevalence of withholding renal replacement therapy was 21.49%. 14 In the UK, the prevalence of withholding treatment was reported to be 31.8%, 8 whereas it was 41% in Sweden. 15 In Southern European countries, the reported prevalence of withholding treatment was much lower (20%). In Northern European countries, different types of limits on treatment were as high as 79% in Norway and above 80% in Denmark of all deaths in the ICU. 6, 7 The Polish guidelines regarding the ineffective maintenance of organ functions were published in 2014. 16 The results of the present study indicated that withholding treatment was a common practice in Polish ICUs, although much less common than that observed in Scandinavian ICUs. The prevalence of withholding treatment in Poland was similar to that recorded in others countries, such as Italy, Greece and Portugal. 14 As indicated by medical records and reported in physician surveys, withholding treatment is less common in these countries than in Northern Europe. 14 Kübler et al. found that only 10% of physicians in Polish ICUs admitted to placing DNR orders in patients' medical records. 13 In contrast, the decision to withhold treatment in Norway was not recorded in only 12% of cases. 6 Vincent found that, similarly to Polish physicians, only 8% of Italian doctors admitted to placing formal DNR orders in a patient's medical records. 14 This is significantly less than in other analyzed European countries, where 58% of physicians admitted to placing DNR orders. 14 Differences in documenting the withdrawal/withholding of treatment may be based on legal and psychological factors. On the one hand, the absence of legal regulations and medical guidelines on mandatory documentation encourages the omission of such documentation in daily medical practice. On the other hand, the psychological burden of making such decisions and the fear of possible moral and legal recriminations may cause physicians to avoid documentation. In Nordic countries, recording the withholding of treatment is a common practice. With the aim of developing a formal procedure, clinicians in France proposed a 4-step, transparent protocol for qualifying and evaluating patients daily which would be based on 4 groups, categorized by the scope of care most appropriate for the clinical condition of the patient. 17 According to the analysis of Prendergast and Luce, many patients in whom treatment was withheld had already experienced prior CNS damage, and it confirmed that CNS damage had an important impact on a patient's prognosis. 18 In addition, several reports indicated that older patients gained less therapeutic benefit from critical care than younger patients and that both patients and staff had a low tolerance for aggressive treatments. [19] [20] [21] Some studies reported that advanced age was associated with a higher incidence of withholding treatment. [22] [23] [24] [25] Age was also reported to affect the quality of life. [26] [27] [28] Some reports suggested that the perceptions of treatments for older people by ICU and emergency room physicians differed from their perceptions of treatment indications for younger people. 29, 30 Other studies documented some ethically questionable suggestions to reduce the opportunities for admission to the ICU for patients over 85. 31, 32 The present study found no association (p = 0.1384) between withholding catecholamine treatment and age. However, there was a clear correlation between the patient's age and withholding cardiovascular support. There was no link between age and the incidence of DNR orders (p = 0.292) and no link between age and a lower frequency of ABG testing at the EOL stage (p = 0.3149). The frequency of withholding treatment in Poland was not associated with the age of the patient, in contrast to France, the USA and other countries where a smaller range of treatment options may be available for older patients. 33 This study found a correlation between withholding treatment and the duration of time spent in the ICU. The frequency of withholding cardiovascular support increased with the length of the hospital stay. Treatment was withheld in 16% of patients who were hospitalized for less than 7 days and in 64% of patients who were hospitalized for more than 30 days. For hospital stays over 90 days, treatment was withheld in 100% of cases. A similar relationship was observed regarding the placement of DNR orders. For patients hospitalized for less than 7 days, a DNR order was in place in 7% of cases. For patients treated for over 30 days, a DNR order was in place in 64% of cases. The frequency of ABG testing was also related to the duration of the hospital stay. Physicians may perceive the length of stay in the ICU as a prognostic factor when considering making changes to therapeutic targets and indications for treatment.
This study revealed that withholding treatment was more common than withdrawing treatment. In the case of a decline in MAP preceding death, noradrenaline treatment was withheld in 31 (14.5%) cases, whereas the dose was reduced in 22 (10%) cases, despite a decline in MAP. In Norway, an analysis of data on written protocols governing limiting treatment showed that withholding treatment was almost twice as common as withdrawing treatment. 6 A similar situation was reported in studies of physicians' conduct in Denmark and Sweden. 5
Conclusions
Treatment was withheld in about 20% of dying patients, regardless of age, in Polish ICUs, suggesting that it is a relatively common practice. Withholding new treatment was much more common than withdrawing treatment. The length of stay in the ICU affected decisions to withdraw or withhold treatment.
